T h e image c o m p r e s s i o n p r o c e s s i s a n e f f e c t i v e approach t o e a s e t h e bulk s t o r a g e r e q u i r e m e n t of d i g i t a l images. I n t h i s study t h e compression u s i n g s p l i n e f u n c t i o n s t o o b t a i n nonuniform spaced data samples from t h e image contours was examined. I t is p o s s i b l e t o c o n t r o l t h e compression r a t i o under t h e least square c r i t e r i o n . The image s u r f a c e was a l s o r e c o n s t r u c t e d from t h e samples using t r iangle element method. The nonuniform sample s e l e c t i o n r e s u l t s were e v a l u a t e d i n terms of o b j e c t f e a t u r e e x t r a c t i o n and i n f o r m a t i o n preservation.
INTRODUCTION

A t w o d i m e n s i o n a l d i g i t a l image i s
u s u a l l y r e p r e s e n t e d a s a two d i m e n s i o n a l m a t r i x o f g r a y l e v e l s . The value of a matrix element, f ( i , j) corresponds t o t h e g r a y l e v e l of a p i x e l located a t i -t h row and j -t h column. Although t h i s kind of image r e p r e s e n t a t i o n a l l o w s c o n v e n i e n t ways t o d i s p l a y images a s two dimensional i n t e n s i t y p a t t e r n s , i t o f t e n r e q u i r e s a v e r y l a r g e amount of s t o r g e space i n computer. One approach t o solve t h i s s t o ra g e problem i s t o r e p r e s e n t an image a s a s e t of contours.lsZ A d i g i t a l image can viewed a s a two-dimensional i n t e n s i t y function, and t h e function can b e v i s u a l i z e d a s a s u r f a c e w i t h t h e h e i g h t e q u a l t o t h e g r a y l e v e l s . T h e image, t h e n , can b e reduced t o a r e c o r d o f c o n t o u r s w i t h t h e g r a y l e v e l of each contour specificed. Another approach is t o r e p r e s e n t t h e image a s a s e t o f g r a y l e v e l p o i n t s nonuniformly sampled from t h e image p l a n e . 3~~9 5 I t i s commonly known t h a t t h e o b j e c t of interests in an image i s l o c a l i z e d i n many c a s e s , and t h e major p o r t i o n of t h e image does not v a r y much i n g r a y l e v e l s . Uniform s p a t i a l sampling seems t o b e w a s t e f u l i n a r e a s where n o t much g r a y l e v e l v a r i a t i o n s e x i s t . Hence, nonuniform s p a t i a l sampling i s e x p e c t e d t o r e d u c e t h e t o t a l amount o f d a t a of t h e image a s well a s t o e x t r a c t the information of i n t e re s t . T h i s c h a r a c t e r i s t i c of t h e nonuniform sampling is advantageous i n p a t t e r n matching US. Government Work. Not protected by U S . copyright.
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o r r e c o g n i t i o n .
I t is i n t e r e s t i n g t o s e e how information of t h e image s i g n a l is condensed compared t o t h e o r i g i n a l image.
I n t h i s s t u d y t h e above two approaches, t h e contour representation and t h e nonuniform s p a t i a l s a m p l i n g , were combined t o o b t a i n an a p p r o x i m a t i o n of t h e i m a g e s i g n a l f o r t h e purpose o f d a t a compression and i n f o r m a t i o n e x t r a c t i o n . T h e c o m p r e s s i o n r a t i o i n t h e r e d u c t i o n of t h e image s i g n a l was controlled t o d e t e r m i n e how t h e image s i g n a l would b e approximated a l o n g w i t h t h e d e c r e a s e o f t h e number of d a t a p o i n t s . The e x p e r i m e n t s i n t h i s s t u d y can be d i v i d e d i n t o t h r e e phases, I ) contour e x t r a c t i o n , 11) nonuniform sample s e l e c t i o n , and 111) surface reconstruction.
CONTOUR EXTRACTION
Due t o p o s s i b l e existence of noise i n t h e o r i g i n a l image, a 3 x 3 a v e r a g e f i l t e r i n g was o p e r a t e d on t h e o r i g i n a l image before t h e cont o u r e x t r a c t i o n . The contour e x t r a c t i o n h e r e u t i l i z e s a t r a c i n g type of algorithm where t h e number of layers out of t h e image s u r f a c e c a n be s p e c i f i e d by t h e user and t h e l a y e r s a r e evenly d i s t r i b u t e d from t h e maximum g r a y l e v e l t o t h e minimum g r a y l e v e l . Three forms of o u t p u t s a r e g e n e r a t e d f r o m t h e c o n t o u r i n g process.
.
T h e l a y e r r e c o r d : t h i s r e c o r d c o n t a i n s t h e g r a y s c a l e o f e a c h l a y e r a n d t h e number of contours on each layer.
2. The contour record: e a c h c o n t o u r i s coded a s a sequence of p a i r s (x, y) representing the coordinates of connected p o i n t s a l o n g t h e c o n t o u r . The s e q u e n c e s a r e concatenated together w i t h two l a b e l s a t t h e b e g i n n i n g of each sequence. T h e s e labels show t h e number of p o i n t s i n each contour and t h e contour t y p e (open o r closed).
T h e c h a r a c t e r m a p : t h i s i s a c h a r a c t e r matrix w i t h t h e same d i m e n s i o n s a s t h e o r i g i n a l image. A n a l p h a b e t from A t o 2 is used t o r e p r e s e n t t h e p r o j e c t i o n of a l l c o n t o u r s o n t o t h e image p l a n e . T h i s o u t p u t w i l l be u s e d i n t h e n o n u n i f o r m s a m p l e s e l e c t i o n process.
A l s o , a thi-eshold value is specified in this algorithm to eliminate contours with less number of points than the value. This thresholding is expected to have a smoothing effect for noisy images.
NONUNIFORM SAMPLE SELECTION
Since the contour of a natural image can have any arbitra'-y shape, the coordinates of data points representing the contour, (xi, yi) Hence, the coefficients Cx and Cy in the above spline functions are determined by the least square approximation to the original contour, but the smoothness of the spline functions is not considered here. In other words, a set of N knots which minimizes 6 is chosen to approximate the contour.
The uneven knot selection algorithm in this study follows the method by Dierckx6 which chooses a set of knots according to the closeness norm, 6, subsjected to the constraint, 6 5 = S ( S is given, non-negative constant), and also the smoothness norm is such that the discontinuities in the k-th derivative of the splinie function are as small as possible. Dierckx's method is modified here to obtain a fixed number of uneven spaced data points from the contours, leaving the smoothness factor out of consideration and minimizing the closeness measure.
The approximated contours were recorded in the output in the same format as the contour record used in the contour extraction phase.
SURFACE RECONSTRUCTION
To reconstruct an image surface we have to find a smooth function, F(xk, yk), for a set of uneven spaced data points, (xk, Yk, fk), k = 1, 2 ... NTOTAL, obtained in the previous phase. The triangle element method was chosen in this study as a local interpolation method which keeps the reconstruction processing time reasonable, and the algorithm reported by Lawson7 was adopted here.
EXPERIMENTAL RESULTS AND EVALUATION
Two different images, one with big objects of interests (runways) and the other with many small objects (houses), were tested with five different compression ratios in the experiment. Both the original and the reconstructed images were represented as a 256 by 256 matrix of 256 gray levels. Several input parameters are involved in the compression experiment discussed above, but they were fixed to certain values except the compression ratio. In the phase I the number of layers form the image surface was set to ten. The threshold value for the contour size in this phase was fixed to five, and the contours of less than five points were eliminated.
The positive weight, wj in the phase I11 was obtained from WO and Bw, which were fixed respectively to 0.8 and 0.2.
The compression effects with ratios of five, ten, twenty, thirty and fourty were evaluated by examing the results from the nonuniform sampling phase and the reconstruction phases. Since the compression ratio is controlled in the nonuniform sampling phase, the effect of the compression ratio on contour shapes was examined in the comparison of t h e original contours extracted in the phase I to the approximated contours yieled in the phase 11. As expected, the uneven spaced 
t s r e t a i n t h e i r fundamental shapes even w i t h h i g h compression r a t i o s , w h e r e a s t h e small o b j e c t s l o s e t h e i r f e a t u r e s or disappear when t h e c o m p r e s s i o n r a t i o i s h i g h . The r e c o n s t r u c t e d images y i e l e d i n t h e phase I11
are shown i n F i g . 3 t h r o u g h 7 w i t h t h e o r i gi n a l images i n Fig. 1 and 2 . As Fig. 2 shows, s e v e r e d i s t o r t i o n was i n t r o d u c e d t o t h e h o u s i n g image e v e n i n t h e c a s e o f s m a l l compression r a t i o s , and s m a l l o b j e c t s such a s houses and nal'row s t r e e t s l o s t t h e i r fundam e n t a l s h a p e s .
On t h e o t h e r h a n d , t h e runways' shapes and f e a t u r e s were preserved i n t h e reconstructed images from t h e d a t a p o i n t s s a m p l e d e v e n w i t h s u c h a h i g h compression r a t i o a s t h i r t y . However, t h e higher compress i o n r a t i o s d z t e r i o r a t e d t h e clearness of' t h e edges of t h e btg objects.
T h e s e e x p e r i m e n t a l results suggest t h a t t h e image compression w i t h h i g h compression r a t i o s i s not d e s i r a b l e i n terms of preserving t h e whole o r i g i n a l image, e s p e c i a l l y i n t h e c a s e t h a t t h e o r i g i n a l image h a s many small o b j e c t s . Hohfever, i f we a r e i n t e r e s t e d i n p r o c e s s i n g c a m p a r a t i v e l y b i g o b j e c t s i n t h e input image, t h e small d e t a i l s of t h e o b j e c t s c a n b e s m o c~t h e d o u t i n t h e p r o c e s s o f c o m p r e s s i o n , a n d t h e m a i n f e a t u r e o f t h e o b j e c t s can be k e p t . T h i s c h a r a c t e r i s t i c may be advantageous i n such c a s e s as t h e p a t t e r n r e c o g n i t i o n lor image matching processes where t h e fundamental s h a p e s o f t h e o b j e c t s a r e o f t e n more imi2ortant than small d e t a i l s .
